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I. Introduction

A. Purpose of the Project

The preparation of an o0il and fuel-resistant rubber which retains
ite elastic properties over the range -70°F. to 160°F.; the development
of a rubber sultable for use at 500°F.; the investigation and solution of
the accompanying problems of monomer preparation, polymerization techniques,
and polymer evaluation.

- B. Research Program

To achieve this purpose, the Quartermaster Corps. has authorized
the M. W. Kellogg Company to conduct a broad investigation of fluorine-
containing polymers, which involves monomer synthesis, polymer preparation,
and polymer testing.

Many of the monomers desired for investigation are unavailable
commercially. In a few cases, these have been synthesized at M. W. Kellogg.
Othervwise, the monomers or their precursors are prepared by Dr. Paul
Tarrant of the University of Florida, and Dr. Aldrich Syverson of Ohio
State University, or obtained on an exchange basis from the Minnesota Mining
and Manufacturing Co. and the Polaroid Corporation.

Polymer preparation has received chief emphasis at M. W. Kellogg.
The initial phase of this work is the exploratory copolymerization of each
neWw monomer with selected monomers on hand. The results of screening tests
on polymers so obtained are used in the selection of new monomer structures,
more suitable monomer combinations and mole ratios, and better recipes
and polymerization conditions.

Polymer systems exhibiting solvent swell resistance and low temp-
erature characteristics comparable or superior to the chlorotrifluoroethylene- !
vinylidene fluoride copolymer originally developed on this project are in-
vestigated in greater detail. The more outstanding of these will be pre-
pared in pound batches for a more thorough evaluation.

Polymer compounding, testing, and evaluation are conducted by
Mr. C. B. Griffis, Angus Wilson, and staff at the Quartermaster Research
and Development center at Natick, Mass. ASTM procedures D- 471-52T (solvent
swell), and D-1053-52T (Gehman Stiffness) are employed in screening the
specimens obtained in the exploratory copolymerizations.
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C. Past Progress

The copolymer systems investigated were 660, and the rubber-
like systems, 332. (Refer to RL=55-434)

iI. Summary of Current Progress

The number of monomers available for copolymerization is 84; the
number of different polymer systems investigated, 686, and the number
of rubberlike systems, 348.:

The following monomers have been copolymerized with selected
monomers now available: CFp=CHCH=CH,, CFo=CFCF2Cl and vinyl pyridines.

The development of a new high temperature rubber CF2=CF2/CF2=CFCF201

is in progress. The most promising copolymer systems remain to be
CFp=CHp /CF3CF=CF2 and CFp=CHp/CFp=CFj.

ITI. Experimental Section

A, Total Monomers

Eighty-four monomers are now available for copolymerization
study. (Refer to RL-55-434).
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B. Chemicals Recelved

The following samples were received during the current period
from the Ohio State University:

Compound b.p., °C. Amount, g.
CHp=CHOCF,CHC1F 73-T4 /atm.

CHC1,CHC10CFoCHCLF 86.5-87.5/30 mm.
CHpC1CHC10CF2CHCLF 71-73/30 mm. 25
CHoCLCHoOCFoCHCLF 80-82/100 rm.

CF3CC1p0CFoCFoCL 90.5-90.7/T41 mm.

CH3CF=CHy -22 to -21.5 1870

The following pyridines were purchased from Reilly Tar & Chemical Corp.:

2-vinyl pyridine (monomer 83) 79-82°/24 mm. 1 1b.
b- (¢ " 84) 70-T4°/15 um: 1 1b.

0. Monomer Purification

The crude CF,=CFCF,Cl (monomer 82) obtained by the decarboxylation
of the sodium salt of C) telomer acid was fractionated. The major
fraction (ca. 630 g. ) boiled between T7-8. 5°., was collected. The mass
spectrometric analysis indicates the monomer to be pure.

2 and 4 vinyl pyridine (monomers 83 and 84) were each fractionated
under vacuum in order to remove inhibitor and impurities. The water-
white purified monomers were stored under No at -T70°C.
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D. Monomer Analysis

Mass'spectrometric analyses of the three fluorinated butadilenes

received from Dr. Tarrant ‘are as follows:

1. CFo=CHCH=CHp (monomer 37)

Mole % (app.)

CFo=CHCH=CH, ~sT0
CyHgF3 ~22
CSH].O ~ 8
CLH),F), trace

2. CF,=CFCH=CHy (monomer 56)

This sample appears to be pure. (Water vapor is the only
impurity noted).

3. CFy=CHCF=CH, (monomer 51)

Mole % (app.)

. CF,=CHCF=CHp ~ 85
CLHLF), ~15

E. Polymer Preparation

Polymerization using 686 monomer systems has been attempted.
The 26 new systems are: 1-82, 1-84, 2-10, 2-1k-72, 2-84, 16-51-56,
16-51-Th, 16-56-Th, 21-32, 2484, 37-hk2, 37-56, 37-72, 37-73, 37-Th4,
37-8%, 51-82, 51-8L, 56-82, 56-8k, T4-82, Tk-83, Th-84, 82, 82-84,
and 8k.

Of the systems investigated 348 can be considered rubberlike.
The 16 new systems are listed below: 2-1k-T72, 16-51-56, 16-51-Th,
16-56-Thk, 21-32, 24-84, 37-42, 37-56, 37-72, 37-73, 37-T4, 51-82, 56-82,

74-82, Th-8k, ana 82-8k.

Experimental data relative to the exploratory work carried out
during the current period are set forth below:
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1. Homqpo;ymerization of Halogenated Propenes

A few attempts to homopolymerize CF3CF=CF,, CF3CCl=CF, and
CFp=CFCF2C1 (monomers 1k, 32 and 82 respectively] in both sdlution and
emulsion recipes failed to give high molecular weight polymers (see runs
3007-8, 3021-22, 3053 and 3060, Table I). In some cases small amounte of
yellow oil or powder were obtained.

2. Copolymers of CFpo=CHCH=CH, (Monomer 37)

This monomer gives a powdery homopolymer. It copolymerizes
with fluorinated dienes and propenes to give short rubbery products in
good ylelds (see runs 3009-11, 3023-30, 3036-43, Table I).

3. Copolymers of CF,=CFCF,Cl1 (Monomer 82)

This monomer does not homopolymerize in the regular emulsion
recipe (see run 3053, Table I). However, 1t copolymerized with various
fluorinated dienes and ethylenes giving rubbery polymers in good yields
(see runs 305h558, Table I and Table III).

H=CHy,
‘ N
4. Copolymers of i (Monomer 8k4)

This monomer gives & plastic homopolymer. It copolymerizes
vwith fluorinated dienes, propenes and ethylenes giving colored resinous
or stiff rubbery polymers (see runs 3012-23 and 3058, 'fable I) in good
yields.

5. Exploratory Terpolymers

The Gehman T5 value of the copolymer system CF2=CHCF=CH2/
CFo=CFCH=CHp wae lowered six degrees by terpolymerizing the fluorinated
dienes with a third monomer CHpo=CHOCF CFoH (see run 1979, Table I1).
A series of terpolymers (see runs 3035, 304L-L7, Table 15 have been made
during this current period. They will be sent to QM for evaluation as -
soon as the analytical data are complete.

F. Polymer Evaluation

During the past two months the data of the low temperature
flexibility and fuel resistant properties of 25 rubbery polymers were
received from the Quartermaster Corps (see Table II).
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Among the 25 copolymers, the following five samples:
1-51, 14-51, 18-51, 51-56 and 51-73 (see runs 1959, 1971, 1977, 1984
and 1999, Table IIs have volume swells and torsional moduli comparable
with X-300 Elastomer, but have better Gehman Tg5 values. Different
molar ratios of these copolymer systems will be prepared.’

IV. High Temperature Rubber Program

The excellent thermal stability, fuel and acid resistance of the
CFp=CHp /CF5CF=CF,, copolymers (see Table VIII, RL-55-434) have stim-
ulated the copolymerization of other fluorinated propenes and butenes
with vinylidene fluoride or other fluorinated ethylenes.

CF,=CFCF2C1 (monomer 82) copolymerizes with CFo=CHp to give rubbery
products in good yield. The résults of a few physical and chemical
tests are summarized in Table III. Its resistance to "Esso Turbo 0il 15}
the diester type hydraulic fluid, is poor. The tests for thermal
stability and fuel resistance are now in progress, and will be reported
when the data are available.

V. Plans for Future Work

1. Exploratory polymerizations of new monomers will continue with .
selected monomers, based upon past experiences.

2. Some theoretical work on the development of new monomer
structures and methods of monomer synthesis is planned.

3. The reactivity ratios of CFp=CHCF=CH, and CFp=CFCH=CHp will
be determined.

4. One pound batches of the appropriate molar ratios of the
following systems: CF2=CHCF=CH2/CF2=CFCH=CH2, CF2=CH2/CF3CF=CF2 and
CF2=CH2/CF2=CF2 will be prepared for evaluation of cured samples.

5. Preparation of ether-linked fluorocarbon polymers will be

attempted.
. S L] 'Lo

References to Original Records
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71 Tedipe: Veter 200; Parfinorooctanoic scid 0.75;

/2/ Recipe:
13/ Pexipe:

Po!-ﬂnua Conditions
Comonomers :::‘mhuéo/ brs. .  Becipe  $Cow. ETawWilog
CFa=CFC1 100 22 4 n/ b Powder
" 100 22 /2/ 23 Powder
" 100 22 /3/ 80 Powder
CBoeCFCH~CHy 100 22 n/ 9 Short Rubber
CHp=CFCB~CR, A p~CFCH=CH, 50/50 22 n/ 'Y -
cr3ccl-cnzlqzc-¢;;cn-cnz 50/50 T2 13/ L] -
" =CHp 50/50 T2 13/ 28 Soft Resin
" fempcrcy 50/50 ] 73/ 1 Low Mol.Wt. Polymer
CP4CF=CFp 100 68 50 M/ 0.3 Powder
" 100 (%] /s/ 1 Powder
CPAC1=CP, 100 [} N 0.5 Powder
- 100 L] 15/ sero -
CF =CHCHeCHp /CH22CHOCF2CFoHR 80/20 68 /3/ 5h Short rubber
" [cP3CF=CF, 70/30 68 13/ Y Powder
" JCP3CClaCFp 70/30 68 3/ ko Rubbery powder
" /CP3CH~CH, 70/30 25 /6/ 58 Short rubber
" JOFyCH<CFp 70/30 25 /6/ a8 Rubbery powder
cre-acnaz/cul;g;ﬁl)gcyzco?- 90/10 25 16/ 60 -
" /CFo=CECF=CH, 90/10 70 25 16/ 68 -
" / " 80/20 70 25 /6/ 62 Short rubber
" / " 50/50 7 25 16/ % -
" / " 25/15 ° 25 /6/ 9% Tough short rebber
CFp=CHCE=CH, 100 70 25 /3/ [Y) Powder
55"“2/ CPy-CACE~CE, 50/50 20 a0 3/ 50 Yellow fiubes
" [CF,CHCP=CH, 50/50 20 ) 13/ 26 Brown flskes
" [CFp=CFCH=CH, 50/50 20 k0 73/ 83 Brown flakes
" [CBy=CHC(CF3)=CH, 50/50 20 %0 13/ 23 Soft yellow rubber
{[',, hosopolymer 100/0 2k 25 /3/ b Yellow plastic
" [eEycr, 40/60 2 25 13/ %0 Lt. yellow plastic
" ferpacred s0/50 2% 25 73/ ] Black flshes
" [orpecr, N5/65 % 25 3/ 53 Yellow chips
" [CHp~CHC(CF3)=CHy 5/95 60 25 13/ % Boft rubber
" - 15/85 60 25 73/ % Short atiff rubber
" / - 5/95 60 25 13/ 9% Soft Tubber
(:i\cn-ﬂz,éle—cm-cng 5/95 6 25 13/ % Soft sticky rehber
amh?ﬁfg,3)mz T5/25 o 25-h0 3/ 8 Soft rubher
" /Y 5=CFCHACH,y 90/10 [V 25-40 3/ 51 Short stiff rehber
-/ " 80/20 o 25-40 13/ 6 Short stiff rebber
"/ " 50/50 W 2540 3/ T0 -
"~/ " »0/60 L% 25-40 73/ 80 Short tough Twhber
" /CEy=C(CF3)CHACH, T5-25 M 2540 73/ 51 Soft rebber
"/ " 50/50 M 2540 13/ 65 Soft rubber
"/ " 25/15 W 25-k0  /3/ 5 Soft, weak rebber
CFp=Chy [CP{CP=CF, 95/5 18-1/2 50 16/ 80 Rubbery pouder
cyz-m/cr3-33cra 70/30 & 50 6/ M 51. rubbery pawticles
LAY A 60/%0 ok 50 /6/ 60 51. rubbery evwbs
CFp=Ch,, /CHLCB=CH T0/3% 2 5 16/ zero _
" CFp=CICPC1 100/0 2% 50 16/ eTO -
CP2=CFCF ,C1/CPoeCECP=CH, 30/70 24 50 /6/ 28 Rubber
" [CPo=CECEaCH, 30/10 2 50 /6/ 58 Hard short rwbber
" /%-ccg%-cne 30/70 2 50 6/ 51 Soappy rubber
" [cromcreL 30/70 2 50 16/ k) White powder
B ) 30/70 2% 50 f/ 50 Brown short rehber
@
CP4CC1=Cr, 100/0 6 25 8/ 1w Yellow ol
Terpolymers
CF2=CB/CF5CP=CY, /CR,=CHOCF,CP2H  80/10/10 B-12 50 16/ % Very short rubber
LY A " 60/36/n 17-1/2 50 /e/ 7 Soft rubber
c’e-w’-Clz/Clz-écg-cne/cug-m 50/%0/10 2% 50 19/ te Soft rubber
) [C¥ 7CYCRaCR,, [CBo=CBCH 40/50/10 % 0 6/ % S1. short rubler
CPcrbcaofmpricu,/  © 50M0/0 A » S Towh redber

S By

sonaner 100; n-hesame 1.32; pR of
Same as vecipe /1/, except n-hemane 2.6%.
Sams as recipe /1/, except Do B-hemms.

A/ Reespe: Aovtome 200; bensoyl peroxide 1; moncmser 300.

sl

xide 1; 100.

oy 200; Yl pe

/6/ Becipe: Water 200; perfilmcwcoctamoic scid 1; KpS,08 1; HaoliPGy, 7520 b; momsmer 100.

A1/ Wecipe: Water 200; R 5; KpSp0g 15 NepSO5 0.5; B8 of pelywerization melime 7.
P/ estpe: Wa.s-c-:mnhss; w3 02.2 3{:'5«-'-);

Sesled ta stainless steel bomd

/9/ Becipe: Water 200; Purfluorooctemoic acid 1; KpSp0 15 WapSaOx 0.8;

10/ seery

i of pelymmvisation mediuwm 7.

The ccmb molar ratics of these polyuers will be rupertel vhen the asalytieal

dmta are available.

11/ Restye: ALl the semples bended o mill st 25°C., exnept rume 004, IS5 amd 3006 vhieh bumded at 80°C.

Short rubber

Short rubber
Smooth short rubber
Smooth short rubber

Very short rubber
Tough short rubber
"

Rubbery sheet

Weak crepe sheet

Stiff crepe sheet

Crepe sheet

Wesk sticky shest

Short snappy rubber
Tough stiff sheet

Tough stiff sheet

Tough flexible sheet
Tough stiff sheet

Soft, tramslucewt rubber
Soft, snappy rebber
Soft, translucest rubbe:
Plastic

Flexible plastic sheet

-
Soappy rubber
Very short rubber
Soft rubber

Tough leathery sheet-
Soft rubber

Crepe rubber
Crepe short reubber

Crepe short rubber
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C.
TARLE III
COPOLYMERS OF CPa=CHa/CPa=CPCRaC)
Run No, 3050 2051 2059 060
Molar Ratio of CF=CHa/CFa=CFCF,Cl:
70/30 60/L0 50/50 25/75
75.5/24.5 68.4/31.6 64.8/35.2 55.2/0k.8
Polymerization Conditions
Time, hrs, 22;}/2 22 69 2/
Recipe / /v /v v
% Conversion 88 7.5 66.7 3
Appearance of Sample:
Before milling White Rubber White Rubber White Rubber 81, hard Rubber
After milling /2/ Crepe rubbery Crepe rubbery  Crepe rubbery Crepe rubbery
sheet shest sheet shest
Torsional Modulus, psi 180 169 168 178
Gehman values, °C. /3/
'1‘2 +3 *9 +]11 +13
Ts -3 +3 +*5 +10
Tlo -6 0 3 +*9
Ti00 -16 -9 -6 *l
( Resilience (Bayshore) 7 10 5 -
"Easo Turbo Oil 15"
18 hrs. at 77°F, wt., £ increase 35 19 47.8 -
1 hr. at 600°F, —————= Partially soluble -

/1/ Recipe: Water 150; Cg Telomer Acid 0.75; NazHPO,*7HaO 3;
K2820g 0.75; Monomer 50-60

/2/ ill samples banded on mill at 25°C.
/3/ 411 samples wers molded at 300°F,
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